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1 
This invention relates to a circuit for the gen- 
eration of modulated, electric oscillations, whose 
carrier-wave frequency is maintained ai a con- 
stant or substantially constant value by means of 
a control voltage which is taken from a fre- 
quency-detector fo which the generated oscilla- 
tions are applied. 
In circuit-arrangements for the generation of 
modulated, electric oscillations if is generally 
necessary to keep the carrier-wave frequency 
more or less accurately constant. In a circuit- 
arrangement for the generation of amplitude or 
phase modulated oscillations, use may be ruade 
of a carrier-wave stabilized, for example, by a 
crystal; this is, however, impossible without ad- 
ditional means, if frequency-modulated oscilla- 
tions are generated. 
It has been suggested previously fo maintain 
the carrier-wave frequency constant by applying 
the oscillations generated fo a frequency-de- 
tector, deriving a control voltage from this fre- 
quency-detector and with the aid of the derived 
voltage readjusting the carrier-wave frequency 
fo the desired value, for example, by means of a 
reactance tube. Such a control permits limit- 
ing the carrier-wave frequency deviations within 
certain limits. 
However, the known circuit-arrangements 
based on this principle exhibit even considerable 
frequency-variations due fo the influence of 
ambient temperature fluctuations, since not only 
the tuning of the carrier wave oscillator itself, 
but also the tuning of the frequency-detector 
changes due to ambient temperature fluctua- 
tions, so that in general, the divergences of the 
carrier wave frequency resulting from tempera- 
ture variations are not suppressed by the said 
control comprising a frequency-detector. By 
the expression ambient temperature is meant 
the temperature immediately surrounding the 
component parts of the carrier wave oscillator 
and the frequency detector, and other references 
to temperature, infra, will be deemed fo mean 
ambient temperature. 
Attempts have been ruade fo minimize these 
divergences by making the frequecy tuning of 
the frequency-detector as far as possible inde- 
pendent of the temperature and for this purpose 
a thermostat has been arranged in the circuit of 
the frequency-detector. By means of an expen- 
sive thermostatic control it is only possible fo 
suppress divergences from the tuning frequency 
of the carrier-wave oscillator that are due fo tem- 
perature fluctuations fo the extent that diver- 
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2 
gences due to other causes, for example, varia- 
tions of the supply voltages can be suppressed. 
The invention provides a method according fo 
which variations of the carrier-wave frequency 
5 due fo temperature fluctuations can be sup- 
pressed, not only in part but even completely, 
without the use of a thermostat. According fo 
the invention this result is achieved by causing 
the tuning frequency of the frequency-detector 
10 to depend upon the temperature in such manner 
that the influence of temperature-fluctuations 
on the carrier-wave frequency is whollr or largely 
neutralised. 
The divergence of the tuning of the frequency- 
15 detector from its correct tuning-frequency, 
measured in absolute value, is preferably chosen 
fo equalize the corresponding divergence which 
the carrier-wave oscfllator would exhibit if the 
said Control were absent, divided by a factor (re- 
20 duction factor) which indicates the measure of 
reaction of the frequency-detector on the tun- 
ing-frequency of the carrier-wave oscillator. 
The control above described for maintaining 
the carrier-wave-frequency constant is achieved 
5 in practice in such manner that the oscillations 
generated are flrst mixed with oscillations re- 
ceived from a pilot oscillator, whose frequency is 
not affected to any appreciable extent by tem- 
perature fluctuations and that the oscillations of 
30 difference-frequency derived by this mixing are 
applied fo the frequency-detector; the frequency- 
detector being tuned fo the difference-frequency. 
The pilot oscillator may be constituted, for ex- 
ample, by a crystal-controlled oscillator or by an 
35 oscillator comprising cavity resonators. 
The frequency of the pilot osciIlator is pref- 
erably chosen fo be higher than the carrier-wave 
frequency; and accordingly the aforesaid fre- 
quency divergence of the frequency-detector 
40 should have a sense similar to the said corre- 
sponding divergence of the carrier-wave oscil- 
lator. 
If, in contradistinction to this premise, the 
frequency of the pilot oscillator is chosen fo be 
45 lower than the carrier wave frequency, the afore- 
said frequency divergence of the frequency-de- 
tector should have a sense opposite to the said 
corresponding divergence of the carrier-wave 
oscillator. 
50 If the oscillations generated are applied 
rectly to the frequency-detector, the frequency 
deviation of the frequency-detector must also be 
opposite to the said corresponding frequency 
deviation of the carrier-wave oscillator. 
55 In the two latter cases the resonant circuits of 
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the frequency-detector preferably include one or 
more reactances having a negative temperature 
coefficient. 
In order that the invention may be clear]y 
understood and readi]y carried into effect, 
now be exp]ained more fully with reference fo 
the accompanying drawing, in vhich: 
Figure iis a block diagram showing one 
bodiment of the invention; and 
Figure 2 is a further repesentation of t..he sys- 
rem of Fig. 1 showing possible circuit configur.ar 
tions for the mixer, detector and reactance tube 
stages. 
In Fig. I of the drawing, ! desgnates a fre- 
quency-modulated oseiilator of a transmiter ïoï 15 
ultra-short wavès, i. e. a transmitter .operating 
42 megacycles per second. The 0scillator I is 
connected fo an aerial S via an amplifie.r 2. A 
pilot oscillator 4 generates osciI]ations, for said 
example, af a frequenc of 45 mc./s., said oscil- 
lations being applied jointly with the oscillations 
obtained fromthe oscillaor  te a mixing stage 
5. Owing te the preferable use of se called 
Kolsteï-ciïcuits in the pilot oscillator a, the fre- 
quency of the oscillations generated by this oscil- 
]atoï is very constant and substantially inde- 
pendent of the temperature. 
The oscillations of the difference-fïequency 
due te the mixture of the oscillations obtained 
from the osci]lator and frein the pilot oscillator 
respecively, are applied te a frequency-detectoï 
5 which is tuned te the difference frequency, for 
said examp]e, a frequency of 3 mc./s. If the said 
difference-frequency and the frequency of the 
frequency-detector .are net identicaI, the fre- 
quency-detector generates a control voltage 
which controls a discharge tube  which is con- 
nected sJ as te exhibit the properties of a react- 
ance varying witt the mutuaI conductance and 
which influences the frequency of the oscfllation 40 
genergted by the òscillator 
If it is assumed preliminarily that the fre- 
quency of the frequency-detector and the re- 
quency of the oscillations generated by the pilot 
osci]lator 4 ïemain constant, if may be concluded 
that the divergence AF of the frequency of the 
oscillator  frein ifs correct frequency which 
would occur in the.absence of the control device 
described is reducëd, owing te the presence of the 
control device, te the value 50 
i+ 
where terre  indicates the measure of reaction 
of the frquencY-dêtector on 
the oscfl]at0r maY be designated the reduction 
ïactor;  !eEignates the number of voltsïf the 
c0ntrol voltag.eper kc./s. Of f.requencydif,e#efiC e 
between te actual frequency and the dCsired 
freqency,  genera.ted by the" frequency-deçt0r, 
and = designates thè number of kc./s, by whch 
the tuning frequency of the 0scillatoï  shifts 
per volt of control voltage owing te the effect 
of the reactance tube . Spposing =-11. kc./s./ 
volt and -:6.5 volt/kc./s, he frequency vaïia- 
tins of the 0scillator are diminished (1÷«) :-6.5 
rimes. 
In reality, however, the tuning of the fre- 
quency-detector does net remain constant, un- 
lessthe latter is arranged in a man_ner in which 70 
temperaure is còntrolled by a thermostat. A 
thermostatic control, however, is very expensive 
and is effective only te the extent that the di- 
vergences of the frequency of the oscillatoï due 
te temperature fluctuations are reduced te the 
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same extent as the other divergences, consequent- 
ly also 6.5 times. 
Accorng te the inv_en.ti0n the said .dilergences 
c.an be avoided çompletey without the use of a 
thermostatic control, net by rendering the fre- 
quency-detector operation independent of the 
temperature but by rendering if dependent on 
te t_emPer.aure in the manner more fflly set 
out hereinaf_teï. If the divergence of the fre- 
q.uçrcy-detector ff.oto ifs correct frequency 
measurd i.n ab@olute value, is equal te the cor- 
responding di.veïgence which the oscillator would 
exhibit if the sid control were absent, divided 
by the aforesaid reduction factor «ç, consequent- 
 ly fr 
F 
.ïn addition, in the example given, the di- 
 0 vergences F and  sh.ould have the saine sense 
and hence th saine lolarity. If the oscfllator 
laS  èmë,." cèmient 0ï cec./s. per °C. 
and if thç fe..uç.qcy gener,a,t.ed is ]0, vhilst 
hë-fi'_queyrdeector hs a temperature 
25 cien .f c_ ç./s. per °C.. and a frequency 
then q«.ç must coDseqenly bè .equal te 
3o fro rh$ch f-o]0wS: 
1 
Sçppo C9--150.Ç - ç./s. Per C. then 
35 be0çÇ ! te pesçt ce 
3 
1 
ce= - 150.10-. 43 5.5 
which eql.s about --400.t0 - c./s. per C. n 
conradigtinction te ts a normal frequency-de- 
tdcr bas a mPçrae-coefficien pf --50.10 - 
c.s. pé C. se çt t is necessary te give the cir- 
cuits- of the detecr artcially a higher nega- 
rive temperature-coefficiet for the fi'equency 
and this may, for example, be done by using 
capacitbs cpmprising a ielectric havng 
ve gh positive tCperature coçffiçent. 
If the fqency of the pilot oscillator 4 
Chosen te be lower than the requency of the os- 
ci]latr ], or if no-Pilot oscfllator is usdd the 
formula fro: A becomes 
F 
As in generat an escillator bas a negative tem- 
peratu'e cefficicnt for the frequency, then the 
frequecyrdeçtr Shul in either case have 
a 0sitve temeraBre coefficient for the fie- 
quecy, d t tory be :ecured, for example 
bY nçlug, i e ircuits of th¢ frequency-de- 
ctor, ççç$os w9e iç!eçtr!cm has a high 
negaie tçperatre-ceçfficnt. 
" Aa rate it is, of course preferable te hold 
the tëmerç-ç0.egiëh (thë osillaor as 
loW as possible and the sai reduction factor as 
high as PoSSible. 
gurd 2 h0ws the embodment of ge 1 in 
greter dçil. I particular, tqbe and circt 
e]en avç bçw or ing stage s, fie- 
quençyrtectoç 6 ç rctance çbe ]. The 
output waye of oscillaçor  is aphed te a controI 
id  Of a mixi-e f .  dutPùt Wave of 
pilot oscfllator 4 i çpplied te a grid 2 of tube 
. Anode  is ouplC te a source of positive 
potential through coil 4. Coil  is inductive- 
1F coupled  a Coil lS, a D. C. blocking condenser 
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6 being provided between the upper end of coil 
4 and a midpoint tap of cofl 5. A temperature 
responsive condenser 7 is connected in parallel 
with coil 5, the parallel resonant circuit |8 
formed thereby being tuned to the difference fre- 
quency output of mixer tube |. 
Temperature responsive condenser |7 is chosen 
to bave a positive or negative temperature co- 
efficient oï the proper value fo compensate the 
resonant frequency oï circuit 18 as pointed out 
hereinbefore. 
The remainder oï frequency-detector circuit 
6 is similar to the discriminator circuit disclosed 
in Lr. S. Patent 2,121,735, issued to Foster et al. 
on June 21, 1938. 
The control voltage output of ïrequency-de- 
tector 6 is applied through resistors 
to the control grid of reactance tube 2 , the 
output voltage of which controls the frequency 
of F. 1£ oscillator |. 
The operation of the circuit arrangement of 
Fig. 2 corresponds exactly to that set forth in 
connection with Fig. 1. Assuming, as in the 
previous example, that oscillator | generates a 
frequency of 42 megacycles per second, whfle the 
pilot oscillator frequency is i5 megacycles per 
second, then the difference frequency will be 3 
megacycles per second and the resonant circuit 
8 wfll be tuned to 3 megacycles. Assuming a 
change in ambient temperature such that the 
output frequency of oscfllator | rises by a fre- 
quency of 10 kc., then the difference frequency 
wfll be decreased by 10 kc. Due fo the control 
action of the frequency detector $ and 
the reactance tube 7, a control voltage corre- 
sponding to a frequency of 10-10/6.5 or 8.46 kc. 
(where 6.5 is the value of 1÷«/) will be generated 
and the uitimate oscillator frequency will be 
10-8.46 or 1.54 kc. above the desired fre- 
quency of 42 mc. 
If, in accordance with the invention, the fre- 
quency detector  is made temperature respon- 
sire by means oï a ïrequency determining, tem- 
perature responsive condenser |7, then the reso- 
nant frequency of detector 6 wfll be increased 
and the following control of the oscillator fre- 
quency is obtained if capacitor 7 embodies a 
dielectric with a 'high positive temperature co- 
efficient. Assuming an increase in detector tun- 
ing frequency of 2 kc. corresponding fo an 
crease of 10 kc. in oscfllator | frequency, then 
the difference frequency will be increased by 
10÷2 or 12 kc. Due to control action of fre- 
quency detector 6 and reactance tube 7, a con- 
trol voltage corresponding fo a frequency of 
12-12/6.5 or 10.16 kc. wfll be generated and the 
ultimate oscfllator  ïrequency wfll be 10-10.16 or 
0.16 kc. below the desired frequency of 42 mc. 
If is seen that the frequency deviation of os- 
cfllator  is materially reduced by employing a 
dielectric with a high positive temperature co- 
efficient in the frequency determining element 
of frequency detector 6. By proper selection oï 
coefficient, i. e. by employing the relationship: 
which was developed hereinbefore, it is possible 
to exactly compensate for frequency variation 
due to ambient temperature changes. 
Where the pilot oscfllator 4 frequency is lower 
than the frequency of oscfllator |, or where no 
pilot oscillator is used, it is necessary to embody 
a dielectric having a negative temperature co- 
efficient in capacitor 

6 
The invention can be used in circuit-arrange- 
ments for generating amplitude-modulated os- 
cillations, as well as for circuit arrangements for 
generating frequency or phase modulated oscflla- 
5 tions. 
If the frequency of the pilot oscillator is not 
wholly independent of the temperatm, this may 
be taken into accourir by slightly altering the 
aforesaid values of Aç. Iï the frequency of the 
10 pilot oscfllator is higher than the oscillator fre- 
quency, Aç mnst be increased by the divergences 
-of the pilot oscfllator; if the frequency of the 
pilot oscillator is lower than the oscillator fre- 
quency Aç must be reduced by the value cotte- 
15 sponding to these divergences. 
What I claire is: 
1. A circuit arrangement for stabilizing the fre- 
quency of a generated carrier wave at a prede- 
termined Falue independent of ambient rem- 
20 perature variations tending fo vary. the fre- 
quency of said carrier wave, comprising means 
to generate a carrier wave having a frequency 
value proportional fo the ambient temperature of 
said generating means, means coupled fo said 
25 generating means and including a frequency de- 
tector for producing a first control voltage com- 
portent proportional to the ïrequency of said gen- 
erating means, said frequency detecting means 
comprising a temperature responsive reactive 
30 element fo produce a further control voltage 
component proportional to the ambient tempera- 
ture of said detecting means, and means coupled 
to said frequency detecting means and said gen- 
erating means and responsive to said control 
35 voltage components for varying the frequency of 
said generating means to maintain the frequency 
of said generated carrier wave at said prede- 
termined frequency value independent of said 
ambient temperature variations. 
40 2. A circuit arrangement for stabilizing the 
frequency of a generated carrier wave ata prede- 
termined value independent of ambient temper- 
ature variations tending to vary the frequency of 
said carrier wave, comprising means to generate 
a carrier wave having a frequency value propor- 
45 
tional to the ambient temperature variations oï 
said carrier wave generating means, means to 
generate a pilot wave having a frequency value 
higher than the ïrequency value of said carrier 
v¢ave, means fo mix said carrier and pilot waves 
50 to produce a difference frequency wave, frequen- 
cy detecting means coupled to said mixing means 
for producing a first control voltage comportent 
proportional fo said difference frequency, said 
55 mixing means comprising a temperature respon- 
sire capacitive element having a dielectric with a 
positive temperature coefficient fo produce a fùr- 
ther control voltage comportent proportional to 
the ambient temperature of said frequency de- 
60 tecting means, and means coupled to said fre- 
quency detecting means and said carrier v¢ave 
gnerating means and responsive to said control 
voltage components for varying the frequency of 
said carrier wave generating means fo maintain 
65 the frequency of said generated carrier wave ai 
said predetermined frequency value independent 
of said ambient temperature variations. 
3. A circuit arrangement for stabilizing the 
frequency of a generated carrier wave ata pre- 
ïo determined value independent oï ambient tem- 
perature variations tending fo vary the frequen- 
cy of said carrier wave, comprising means to gen- 
erate a carrier wave having a frequency value 
proportional fo the ambient temperature varia- 
75 tions of said carrier wave generating means, 
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means fo generate a pilot w.ave havipg a frequen- 
cy value lowm: than. he frequenoy value of said 
carrïer wa;¢e, moins to mix said carrier and pilot 
waves fo produce a difference frequency wave, 
frequency detecting means coupled to said mix- 
ing means for producing a first control voltage 
comp0nent Proportional to said difference fie- 
quency, said mixing means comprising a temper- 
ature responsive capacitive element having a di- 
electric with a negative temperature coefficient fo 
produce a further control voltage component 
proportional to the ambient temperature of said 
frequency detecti.ng means, and means coupled to 
said freqency detecting means and said carrier 
wave generating means and respqnsive to said 
control voltage components for va_rying the fre- 
qen.cy qf said carçier wave geneçating means to 
maintain the freluency of said gcerated carrier 
wave at said predetermined frequency value inde- 
Pendent of said ambient temperature variations. 
4. A circuit arrangement for stabilizing the 
frequencY of a generated carrier vave ata pre- 
determined value independent of ambient tem- 
perature variations tending fo vary the frequen- 
cy .of said carrier wave, compr]sing means to gen- 
eratê a carrier wave having a ïrequency value 
propotional to ambient temperature vaiiations 
of said carrier wave generating means and hav- 
ing a first given temperature coemcient, means fo 
generate .a pilot wave having a frequency value 
diffeïent from he frequency vaiue o£ said car- 
fier wave, means fo mix said camper and pilot 
waves to produce a difference frequency wave, 
quency detecting means having a second given 
temperature coefficient coupled to said mixing 
means for producing a first control voltage com- 
portent proportional to said difference frequency, 
said detecting means compriiing a temperature 
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responsive capacitive element having a dielectric 
with a temperatue coefficient such that: 
where C« represents the temperature coefficient 
of said detectng means, Co represen the tem- 
poraire coecient of said carer wave generat- 
ing means, o represents said predetermined fre- 
quency value and ]« represents said difference fre- 
quency, to produce a fther controt voltage com- 
portent proportional to the ambient temperature 
of said detecting means, and means coupled fo 
said detectg means and said carrier wave gen- 
erating means and responsive fo said controt volt- 
age components for varyg the ïrequency of said 
carrier wave gçneratg mea to mainta$n the 
ïrequenc of sid generated carrier wave at sad 
predetermined requecy value dependent of 
said ambient temperature variations. 
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